Migration is a complex set of behaviors where the birds are constantly faced with different options on how to act. One important "decision" they make is the choice of flight path, where navigation, wind drift and safety are some of the factors that need to be taken into account. It is unclear to what extent landmarks and topography play a part when migrating birds determine the path that will lead them as quickly and safely as possible to their goal. By supplying a fixed reference cue, leading lines in the landscape could benefit migrants in their orientation, and perhaps also in their ability to avoid wind drift. Land birds could also follow leading lines in the form of coastlines, to, as far as possible, avoid hazardous water crossings. If birds are more vulnerable to drift over sea than over land, they would benefit from following coastlines that do not deviate too far from their migratory direction, especially in high wind speeds and strong opposed side winds or crosswinds (Alerstam and Pettersson, 1977) . Leading lines are predicted to be of greater importance at low than at high flight altitudes, partly because of the proximity to the visual cues and partly because birds tend to fly at lower altitudes, where the wind speed is lower, in head and opposing side winds, which is also when they would benefit the most from following the coast (Alerstam and Pettersson, 1977) . Some studies have found a greater tendency to follow coastlines later in the night than earlier, probably due to an increased reluctance to embark on water crossings towards the end of the night (Bruderer and Liechti, 1998; Fortin et al., 1999) .
Whether, and to what degree, leading lines, and especially coastlines, affect the flight paths of migrating birds has been subject to some debate. There is much evidence of important coastline effects in diurnal migrants, especially in strong winds (Rudebeck, 1950; Snow, 1953; Svärdson, 1953; van Dobben, 1953; GruysCasimir, 1965; Meyer et al., 2000) , but for nocturnal migration there is conflicting evidence (Åkesson, 1993; Bruderer and Liechti, 1998; Fortin et al., 1999; Gagnon et al., 2011) . Falsterbo is a migration hotspot at the south western tip of Sweden, where thousands of migrating birds pass every season (Fig. 1) . A long-term ringing regime collects data on species composition, abundance and movements. In previous studies done in Falsterbo, coastline effects have been shown by visual observations of low flying nocturnal migrants (Åkesson, 1993) but in a study of nocturnal passerines at higher altitudes (up to 3,000 m) using infrared recording there was no coastline effect (Zehnder et al., 2001) . By using tracking radar we can plot exact flight paths of passing migrants over the peninsula and evaluate to what degree flight directions of nocturnally migrating passerines in Falsterbo are affected by the coastlines. In this study we will evaluate how the coastlines affect the mean track directions, the mean heading directions and the scatter in directions. We will do this for both spring and autumn migration and in several different altitude categories.
Fig. 1 Satellite image of the region around Falsterbo peninsula with a close up of Falsterbo peninsula (yellow box)
Satellite image from Google Earth; Landsat.
Materials and Methods
We have tracked nocturnal migrants at Falsterbo peninsula (55.41°N, 12,87°E, 5 m above sea level) by use of tracking radar (200 kW peak power, 0.25 μs pulse duration, 504 Hz pulse repetition frequency, 1.5° pencil beam width, X-band) during the autumn of 2009, and during both spring and autumn 2010 and 2011. During 53 nights of sampling we have collected 2,930 high quality tracks of free flying nocturnal passerines using bounding flight. The tracking radar tracks one individual target at a time, but it is not possible to identify the species of the target. Bounding flight of passerines is however easily recognizable from the wing beat signature of the radar echo (Bäckman and Alerstam, 2003; Bruderer et al., 2010) and only targets classified by the operator of the radar as flying with bounding flight have been used in this analysis. Therefore we are confident that the targets included in our analysis are passerines. All tracks were recorded during the night from around sunset until around 3 hours after midnight (local summertime, GMT +2), except for a few (73) Karlsson, 2009) .
Wind measurements were made by releasing helium balloons that were tracked by the radar, and heading vectors were calculated from the measured wind vectors and the track vectors of the birds. Heading directions were not calculated if there was more than 2 hours or 150 meters in altitude between the tracking of the bird and the wind measurement, so the number of track directions is larger than the number of heading directions. For more details on operating the radar see Karlsson et al. (2012) and on data processing see Bäckman and Alerstam (2003) .
In this analysis we divided our sample into three areas (Fig. 2) , corresponding to the three main coastlines of the Falsterbo Peninsula, and investigated whether the track and heading directions of the birds differed between the areas. The areas were defined as sectors around the radar, area A is 350°-105°, area B 105°-225° and area C 225°-350° (see Fig. 2 ). Individual tracks were assigned to the area containing the longest part of the recorded flight trajectory. Three tracks were excluded as they had exactly half of their trajectory in two areas. We roughly estimated the directions of the coastlines to be 70°/250° in area B and 25°/205° in area C. Area A covers the bay Höllviken and it has a curving coastline in several directions. Therefore we will not discuss it directly in the comparison of mean directions and coastline directions. To test if the mean directions in the areas differed from the coastlines in those areas we investigated if the direction of the coastline was included in the confidence intervals for the mean direction. The scatter in directions was estimated by mean vector length, r. If the directions are uniformly distributed r is 0 and if they are unidirectional r is 1.
To investigate the effect of altitude we divided the sample into three altitude intervals, below 300 meters, 300-800 meters and above 800 meters. Targets below 100 meters are difficult to track with radar, but there were also few targets at the lowest altitudes indicating that only a small minority of migrants fly very low (Zehnder et al., 2001 ). Altitude intervals with less than 15 tracks were not included ( Table 1 ). The track with the highest altitude was 3,058 m in autumn and 2,581 m in spring. All heights are above the level of the radar antenna (5 meters above sea level).
Fig. 2 Mean track and heading directions in the three different areas of Falsterbo peninsula plotted on top of a map of the peninsula
The areas are defined as sectors around the radar, area A is 350°-105°, area B 105°-225° and area C 225°-350°. Within each area the mean direction (α) and r is given. All mean directions are significant, Rayleigh uniformity test, P < 0.001 for all cases. See Table 1 for n-values.
Results

Track directions
We compared the mean track directions between the areas at different altitudes but found no effect of the coastline in the sense that differences in directions between the areas did not coincide with directions of coastlines in those areas (Table 1 , Fig. 2 and 3 ). In most cases the rough direction of the coastline was not included in the confidence interval of the mean direction in that area, showing that most birds were not flying in parallel with the coastline (Fig. 3 ). There were some exceptions in spring, in area B and area C. In area C the direction of the coastline was included in the confidence interval of the mean direction in the area, however the direction of the coastline in that area (25°) is very close to the total mean track direction in spring (26.9°). In area B the mean track direction (48.0°) was shifted away from the total mean direction of the season (26.9°) towards the direction of the coastline in area B (70°), as seen in Fig. 3 . This could be an indication that at least some of the birds tracked in that area were flying in parallel to the coastline, even though the majority were not.
In autumn the mean track directions differed more between the three areas in the lower altitude span than at the higher altitudes, but the differences were not clearly associated with the configuration of the coastlines (Fig. 3, Table S1 ). At high altitudes the mean track directions in the three areas converge close to the direction of coastline C. Mean track directions in the different sectors were quite consistent during the night, and did not differ in any consistent way between areas before and after local midnight either in spring or autumn (Fig. 4) .
We also investigated the effect of wind (winds from east and west) on mean track directions without seeing any clear differences in alignment of the birds' tracks with the different coastline directions in the three areas (Fig. 5) . However it is seen in figure 5 that the birds showed a clear tendency of being drifted by wind, in a similar way in all three areas. The distribution of tracks between the areas differed between easterly and westerly winds (autumn: χ 2 2 = 42.39, P < 0.001, spring χ 2 2 =10.29, P < 0.005, Fig. 5 ), which could explain some of the differences in mean directions between areas.
Heading directions
Heading directions where more concentrated than track directions and also differed less between areas (Fig. 2) . They were also quite consistent between different altitude intervals (Fig. 3) . The heading directions in area B in spring were not skewed towards the coastline as the tracks were; instead they were quite close to the total mean heading direction. We found similar gen- Table 1 for n-values and table S1 for pairwise tests of mean direction.
eral results when considering heading directions in relation to coastlines as with track directions (i.e. no important influence of the local coastlines). We have therefore focused our presentation mainly on the results for the track directions. This is also reasonable in view of the main prediction that any influence of coastlines would primarily be expected to affect track directions if the birds align their track direction (rather than heading) to follow coastlines.
Scatter
There was more scatter in track directions at lower altitudes than at higher altitudes in areas B and C in both autumn and spring (Table 1) .Tests of concentration parameter between highest and lowest altitude interval showed statistically significant differences in three of the four cases (area C in autumn, F 107,381 = 2.06, P < 0.001, area C in spring, F 102,135 =1.61, P < 0.01, area B in autumn, t 253 = 1.64, N.S., area B in spring, t 292 = 2.31, P < 0.05; Batschelet, 1981; Mardia and Jupp, 2009 ). In area A there was no significant difference in either season. In autumn there was more scatter after midnight than before (Area A before: r = 0.41, after: r = 0.23, t 347 = 2.28, P < 0.05, Area B before: r = 0.66, after: r = 0.41, t 490 = 5.06 , P < 0.001, Area C before: r = 0.72, after: r = 0.58, t 949 = 4.70 , P< 0.001; Mardia and Jupp, 2009 ).
Flight paths with the same alignment as the coastlines
In order to see to what degree birds migrating with track directions coinciding with the directions of the two main coastlines may have been under actual influence to follow these coastlines, we plotted the flight paths with these orientations in Fig. 6 . The concentration of SSW trajectories at or closely offshore coastline C, as seen in Fig. 6B , may indicate that some of these migrants may have been flying under influence of this coastline. However, there was no tendency of association of WSW tracks with the coastline B having this alignment; instead the flight paths with this orientation seemed to be rather uniformly distributed over the peninsula independently of the coastal configurations. In spring there was no concentration to coastline C among the tracks with a similar direction, rather there was a concentration to the other part of the peninsula (Fig. 6D) . However, there was some concentration of spring tracks to coastline B among the tracks with a similar direction as this coastline, although many of these tracks crossed coastline B rather than adhering to it (Fig. 6C) .
Discussion
Track directions
In autumn we did not find any important effect of coastlines on the flight paths of nocturnal passerine migrants at Falsterbo peninsula, which is in agreement with many other studies showing that nocturnal passé- rine migration mainly takes place on a broad front (Bruderer, 1978; Richardson, 1978; Bruderer and Liechti, 1998; Zehnder et al., 2001) . In spring we saw a very slight effect on the flight tracks in area B, but not on the headings in that area. This slight effect on track direction could be due to some of the birds in that area following the coastline, or it could be an effect of other factors, such as winds. It is also possible that the coastline is more important when reaching the peninsula from the south in spring, than it is when leaving the peninsula in autumn. The distributions of tracks over the peninsula change in different wind situations, which could explain some of the differences between areas in mean flight direction.
We did not see the same effect of time of night as some other studies (Bruderer and Liechti, 1998; Fortin et al., 1999) on mean track direction (Fig. 4) . In these studies the increased tendency to follow coastlines late in the night is probably due to migrants' reluctance to cross the water increasing during the night and instead they follow the coast to find suitable stopover habitat. Migrants reaching the Falsterbo peninsula late at night would have no reason to follow the coastlines of area B or C if they wanted to settle for the night. Instead they would need to turn inland, and we also see an increased scatter in track directions in the later part of the night.
This study clearly demonstrates that nocturnal songbird migrants generally pass Falsterbo Peninsula on a broad front without marked responses to the local coastal configurations. Some heterogeneity in the distribution of tracks over the peninsula suggests that somewhat enhanced concentrations of birds flying with a track direction similar to the alignment of the coastline may occur at (or offshore from) the west coast of the peninsula during autumn migration and at the south coastline of the peninsula during spring migration. However, these were weak tendencies of temporary possible flight alignments with the coastlines that do not significantly change the overall picture of a general broad-front migration pattern.
Falsterbo is a migration hotspot for diurnal migrants during autumn because of a distinct coastal leading-line effect towards the peninsula in southwesternmost Sweden (Rudebeck, 1950; Karlsson, 2009, Malmiga et al., this issue) . Without such important leading-line effects of the coastlines we would expect that Falsterbo would not be a particular autumn hotspot for nocturnal migrants. Still, large numbers of nocturnal migrants are captured at the Falsterbo Bird Observatory, and impressive concentrations of grounded nocturnal migrants may be observed on the peninsula (Karlsson, 2009) . Given the present results, the concentrations of nocturnal migrants at the peninsula are likely to be caused mainly by the landing of large numbers of nocturnal migrants when confronted with the sea, rather than increased densities of migrants passing over the peninsula compared to over surrounding areas. However, there is the possibility that nocturnal songbird migrants, even if they do not follow local coastlines, still show more diffuse regional orientation responses to general topography (in a similar way as recorded for nocturnal shorebird migration; cf. Gudmundsson, 1994 , Grönroos et al., 2012 that will lead to broad-front concentrations towards the Falsterbo Peninsula. If and to what extent this may occur is unknown.
Scatter
Scatter in track directions was consistently higher in autumn than in spring, perhaps due to the higher proportion of juveniles in autumn, or more local movements taking place as the birds hesitate to depart on the sea crossing. Scatter also increased in the later part of the night in autumn. In two of the areas the scatter in track directions was larger in the lower altitude intervals than in the higher (Table 1) . If the passerines follow coastlines, one might expect them to do so to a higher degree at low altitudes rather than higher altitudes. Hence, if all passerines do so to the same extent we would expect less scatter at lower altitudes, but here we see the opposite. More scatter at lower altitudes could suggest that some birds at the lower altitudes followed coastlines but others did not, however there is no indication of mean directions being more skewed towards the coastlines at lower altitudes. We instead suggest that the higher scatter at low altitudes in area B and C is due to a higher degree of local movements and reverse migration taking place at lower altitudes, while migration in the seasonally appropriate direction takes place at higher altitudes.
Area A seems to differ from the other two areas in several ways. In spring it was the area containing most tracks showing very little scatter at all altitudes, and in autumn it was the area with fewest tracks showing quite a lot of scatter at all altitudes. The peninsula is not a very good stop-over site, so birds arriving at the peninsula in autumn and deciding not to continue might very well choose to return inland, leading to increased scatter in area A in autumn (reverse migration; see Alerstam, 1978; Åkesson et al., 1996) . The scatter in area A is also very large late in the night in autumn, which also is consistent with a high degree of reverse migration, particularly at low altitudes. It could however also be an effect of low-flying birds choosing different shortcuts over the bay, some perhaps aiming for the northern tip of the peninsula. In spring there will of course be very little reverse migration once the birds have reached the peninsula.
In conclusion, we could not see any clear and important local scale effects of the coastline on flight paths of nocturnally migrating passerines over the Falsterbo peninsula. There was some indication of an effect on flight paths in spring, and overall wind seems to be influencing the track directions more than the topography. We saw larger local differences in mean track direction and more scatter in directions at lower altitudes than at the higher altitudes, probably because some inclusion of local reverse migration, landing and take-off flights. There might however be a larger scale effect of coastline topography on the flight paths of the migrants. Radar tracking of diurnally migrating raptors at the same site as our study showed that the raptors often responded to the coastlines (Malmiga et al., this issue) . Clearly, diurnal migrants have better opportunities to use landmarks and topography in their migration, even though the contrast between land and water could be one of few visible (and audible) cues available also during the night. The use of weather radar networks to study bird migration on larger regional scales offer exciting opportunities to shed further light on questions regarding how migrants react to the landscape (see for example Dokter et al., 2011) . Table S1 Pairwise Watson-Williams tests oF the mean directions shown in Figures 3 and 4 . In some cases the mean concentration parameter was too low to allow For the test to be performed (-) and for some (*) the n-values were too low (< 15, see Table 1 
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